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Abstract
Bovine anaplasmosis poses a significant economic threat in countries like Indonesia. However, in regions such as Jambi 
Province, where beef cattle hold a pivotal economic value, there is limited information regarding bovine anaplasmosis. This 
study aimed to analyze the spatial pattern and autocorrelation of bovine anaplasmosis from 2018-2022 in Jambi Province, 
relying on data retrieved from surveillance report. A total 5,612 blood samples from eleven districts in Jambi Provinces 
were subjected for Anaplasma sp. detection. Statistical and spatial analyses were conducted in R software v.4.3.1. The 
result showed that the prevalence of bovine anaplasmosis in 2018-2022 was 16.66%, with a fluctuating pattern along the 
year. Among the districts, Kerinci District exhibited the highest prevalence (22.26%), while Kota Jambi had the lowest 
(13.62%). The prevalence was significantly higher during rainy season compared to the dry season (median 18.2% vs 10.3%, 
respectively) (p=0.01). The global Moran’s I indicated a random pattern of bovine anaplasmosis prevalence over the study 
period. However, local Moran’s I indicated 17 high-high clusters, 9 high-low clusters, 12 low-high clusters, and 12 low-low 
clusters. In conclusion, the bovine anaplasmosis prevalence in Jambi Province fluctuated from 2018 to 2022, with a notable 
increase during the rainy season. Spatial analysis indicated an even distribution of the disease across the eleven districts, 
emphasizing the need for control and prevention strategy to mitigate bovine anaplasmosis in Jambi Province.
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INTRODUCTION	

	 Bovine anaplasmosis is an important tick-borne disease caused by 
rickets which commonly seen in tropical, subtropical and some temperate 
regions (Yang et al., 2018). Some of the well-known causative agents are 
Anaplasma marginale, A. centrale, A. bovis and A. phagocytophylum which 
are obligate intracellular bacteria. The infection caused by A. marginale and 
A. phagocytophylum is often followed by severe symptoms such as fever, 
weakness, anorexia, milk production reduction, anemia, icterus, abortion, 
rumen atony and sometimes caused death (Kocan et al., 2006; Dugat et al., 
2015; Atif, 2016). Meanwhile, other agents such as A. bovis and A. centrale are 
known to cause mild or asymptomatic infection but may alter the production 
(Atif, 2016). Thus, bovine anaplasmosis causes a significant economic loss 
in many countries (Spare et al., 2020), including Indonesia. In addition, this 
disease is potentially distributed to other animals, such as deer (Aubry & 
Geale, 2011) which is widely distributed in the natural ecosystem in Indonesia 
and may harm the endemic animals. 
	 In Indonesia, beef cattle are one of the biggest livestock commodities, 
including in Jambi Province. The population of beef cattle in Jambi is reached 
160,000 approximately with a fluctuate numbers in between 2017-2022 (Badan 
Pusat Statistik Provinsi Jambi, 2022). The development of cattle farming in 
Jambi Province is hindered by cattle diseases, including bovine anaplasmosis. 
Previous reports have shown that the prevalence of bovine anaplasmosis in 
Jambi Province ranged from 23-33% (Efliana & Arianti, 2016; Susanti et 
al., 2019). Meanwhile, in neighboring provinces such as the Riau Islands, 
Riau, and West Sumatra, the prevalence ranged from 9.3 to 40.3% (Susanti 
et al., 2019). Effective prevention and control strategies should be applied for 
bovine anaplasmosis in Jambi Province. However, the insufficient information 
regarding the epidemiology trend of this disease in Jambi is hindered the 
development of prevention and control strategies. Therefore, this study aims to 
analyze the spatial pattern and spatial autocorrelation of bovine anaplasmosis 
from 2018 to 2022 in Jambi. The spatial analysis provides the information 
regarding disease pattern in a long period of time and can be used in predicting 
the disease in the future or in different region (Stevens & Pfeiffer, 2011). This 
technique had been used for analyzing the trend of several animal diseases 
such as rabies in Nepal (Shrestha et al., 2023). To the best of our knowledge, 
this technique was never used to analyze bovine anaplasmosis in Indonesia. 
The result of this study is pivotal for developing an appropriate strategy for 
preventing and controlling bovine anaplasmosis in Jambi Province. 

MATERIALS AND METHODS

Study Location
	 This study uses survey data on bovine anaplasmosis in Jambi Province, 
Indonesia, from January 2018 to December 2022. Jambi Province is located 
on Sumatra Island (latitude 0°45′–2°45′ S and longitude 101°10′–104°55′ E), 
which consists of 11 districts and 144 sub-districts (BPS, 2023). As a tropical 
region, Indonesia has two seasons: dry and rainy. The dry season is started in 
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April to September, while the rainy season period is from October to March 
(Rahayu et al., 2018). 

Ethical approval
	 This study used surveillance data from the Laboratory of Animal 
Health and Veterinary Public Health of Jambi Province reports. As no animals 
or animal products were directly involved in the study, ethical approval was not 
deemed necessary for the current study. 

Data Source
	 Data on bovine anaplasmosis for this retrospective study were collected 
from the Laboratory of Animal Health and Veterinary Public Health Jambi 
Province, Indonesia. The data represented the outcomes of both active and 
passive epidemiological surveys on beef cattle from January 2018 to December 
2022 in Jambi Province. Over this period, the total beef cattle population in 
Jambi Provinces gradually increased, rising from 159,187 individuals in 2017 to 
162,002 individuals in 2022. A total of 5,612 blood samples of beef cattle were 
gathered across eleven districts in Jambi, namely Batang Hari, Bungo, Kerinci, 
Kota Jambi, Merangin, Muaro Jambi, Sarolangun, Sungai Penuh, Tanjung 
Jabung Barat, Tanjung Jabung Timur, and Tebo (Table 1). The detection of 
bovine anaplasmosis was performed using a blood smear. The datasets were 
compiled and categorized based on characteristics such as month and year of 
sampling, sampling location, sample size, and number of positive cases. All the 
data were compiled in Microsoft Excel 2019. 

Table 1 The total bovine anaplasmosis prevalence in each district in 2018-2022 in Jambi Province.
District Sample Case Prevalence (%)
Batang Hari 798 131 16.42
Bungo 663 118 17.80
Kota Jambi 580 79 13.62
Kerinci 337 75 22.26
Merangin 354 63 17.80
Muaro Jambi 683 111 16.25
Sarolangun 562 77 13.70
Sungai Penuh 89 15 16.85
Tanjung Jabung Barat 726 132 18.18
Tanjung Jabung Timur 352 63 17.90
Tebo 468 71 15.17
Total 5612 935 16.66

Data Analysis
Statistical analysis
	 In this study, the prevalence of bovine anaplasmosis was measured in 
each regional unit using a period prevalence approach each year. The period 
prevalence formula applied in this research is explained as follows (Thrusfield, 
2018):

 x 100%
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	 where P is the Prevalence. This method provides an overview of the 
prevalence of bovine anaplasmosis in the population in a specific period, 
providing a better understanding of the spread of this disease in various 
regional units. Statistical analysis for bovine anaplasmosis prevalence in Jambi 
consisted of descriptive analysis, seasonal variation, and linear regression. 
Descriptive analysis was used to define the trend of bovine anaplasmosis 
between years. In addition, linear regression was performed to assess the trend 
of bovine anaplasmosis prevalence from 2018-2022, with 2018 as the baseline, 
so that the changes of bovine anaplasmosis in each year could be defined. 
Seasonal analysis was assessed by comparing the prevalence in the dry and 
rainy season. Dry season prevalence was analyzed using data compilation 
from April to September, while the rainy season was defined based on the data 
from October to March. The normality of the data distribution was assessed 
using the Kolmogorov-Smirnov test and Q-Q plot. Based on the result, The 
Independent Samples T-test or Mann-Whitney test was performed to compare 
the result between seasons. Statistical analyses in this research were performed 
using R software version 4.3.1.

Spatial analysis
	 The choropleth maps and spatial autocorrelation were performed using 
R software version 4.3.1. The base map of Jambi province in this study was 
obtained from the Geospatial Indonesia portal https://tanahair.indonesia.go.id/
portal-web. A choropleth map was used to estimate the bovine anaplasmosis 
burden in each district for individual years. For spatial autocorrelation, the 
prevalence of bovine anaplasmosis was aggregated from the study period. Two 
approaches were used: global autocorrelation and local autocorrelation. In 
global autocorrelation analysis, global Moran’s I was performed to assess the 
spatial correlation of the whole study area following the method by (Lutfi et 
al., 2019; Moraga, 2023):  

	 where I is the Global Moran's Index, n indicates locations,  is the 
value at location i,  is the value at location j, and  is the mean value of 
the study area. Furthermore, denotes the elements within the standardized 
weight matrix between regions i and j. The Global Moran's I index value of 
0 indicates that the distribution of bovine anaplasmosis exhibits a perfectly 
random spatial pattern. A value of +1 signifies perfect clustering, while -1 
suggests a completely dispersed distribution. The significance of the Global 
Moran's I was determined by comparing the z-score to the standard normal 
distribution or via Monte Carlo randomization. Significance (p < 0.05) is 
achieved when the Z-score exceeds 1.96 or falls below -1.96 (Kumar Pant et al., 
2017; Moraga, 2023). Meanwhile, the Local Indicators of Spatial Association 
(LISA) Moran’s I was used in determining the spatial autocorrelation of each 
spatial unit (district) and the neighboring unit. The formula for calculating the 
LISA Moran’s I is provided as follows (Lutfi et al., 2019; Moraga, 2023):
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	 With:

	 where  is the local Moran I Index, while  and  represent the 
deviations from the mean values. The results of local Moran’s I were defined 
as high-high (HH), low-low (L-L), high-low (HL), and low-high (LH), which 
describe the correlation between one district to the neighboring district that 
describes the spatial pattern and the relationship in detail (Shrestha et al., 2023).

RESULTS

Descriptive analysis
	 The result showed that the prevalence of bovine anaplasmosis in 
Jambi Province, Indonesia in 2018-2022 was 16.66% (935/5,612). The annual 
pattern of bovine anaplasmosis in Jambi Province showed a fluctuating trend. 
The highest prevalence was found in 2018 with 21.52% which decreased 
gradually to 2020 with 10.57% but then increased again in the last two years 
with a prevalence of 15.67% in 2022. However, based on linear regression, 
no significant difference of bovine anaplasmosis prevalence was found in all 
years, except for 2020 prevalence compared to 2018 (-10.95*year [95% CI 
-20.6 to -1.32]) (p = 0.03) (Table 2). The scatterplot of linear regression for 
bovine anaplasmosis prevalence in Jambi Province can be seen in Figure 1A.

Table 2 The linear regression results for bovine anaplasmosis prevalence in 2018-2022 in Jambi Province.
      95% CI  
Variable Estimate SE Lower Upper P-value
Intercept 21.52 2.79 16 to 27.03 < .00
2019 – 2018 -2.35 4.16 -10.6 5.85 0.57
2020 – 2018 -10.95 4.87 -20.6 -1.32 0.03
2021 – 2018 -3.91 4.19 -12.2 4.37 0.35
2022 – 2018 -5.85 3.81 -13.4 1.68 0.13

	 In seasonal analysis, the results of the Kolmogorov-Smirnov test 
and Q-Q plot showed that the data was not distributed normally (p = 0.01). 
Thus, we used the Mann-Whitney test to analyze the difference of bovine 
anaplasmosis between seasons. The results indicated that the prevalence of 
bovine anaplasmosis during the rainy season (median [range]: 18.2% [8.51-
25.9%]) was significantly higher than during the dry season (median [range]: 
10.3% [0-21.7%]) (p=0.01) (Figure 1B).  Based on district distribution, the 
highest prevalence was occurred in Kerinci District (22.26%) while the lowest 
was found in Kota Jambi (13.62%) (Table 1).
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Spatial analysis
In spatial analysis, the choropleth maps indicated the similarity of bovine 
anaplasmosis prevalence for the overall period from 2018 to 2022. These maps 
suggested that the pattern of bovine anaplasmosis prevalence in individual 
districts of Jambi Province was changing every year. In 2018-2019, a high 
prevalence of bovine anaplasmosis was occurred in Kerinci District (27.4% 
and 28.6% respectively), but in 2020, the highest prevalence was found in 
Merangin District (23.8%). Meanwhile in 2021, Tanjung Jabung Barat District 
had the highest prevalence (30%), and in 2022, Batanghari had the highest 
prevalence (28.2%) (Figure 2, panel B-F).

Figure 1 A. The scatterplot of linear regression for bovine anaplasmosis 
prevalence in Jambi Province; B. The Error bars indicate the differences 
between the dry and rainy seasons.
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Figure 2 The choropleth map displays the annual prevalence rates of 
bovine anaplasmosis across various districts within Jambi Province. A. 
Prevalence of all years; B. Prevalence in 2018; C. Prevalence in 2019; D. 
Prevalence in 2020; E. Prevalence in 2021; and F. Prevalence in 2022.
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Figure 3 Global Moran's I scatterplot for prevalence of bovine anaplasmosis 
in Jambi Province, Indonesia.

Table 3 The Global Moran’s I result for bovine anaplasmosis prevalence in 2018-2022 in Jambi Province.
Year  Moran's Index  Z Score P-value Spatial Pattern
 2018    0.63           3.33     0.00     Clustered Pattern
 2019    -0.03          0.32     0.38     Random Pattern   
 2020    -0.44          -1.28    0.90     Random Pattern   
 2021    0.17           1.26     0.10     Random Pattern
 2022    -0.09          0.05     0.48     Random Pattern   

	 To assess the spatial autocorrelation in bovine anaplasmosis prevalence 
across various districts, we conducted a global Moran's I analysis. The results 
revealed a non-significant difference in bovine anaplasmosis prevalence 
estimates across all years in Jambi Province (Moran’s Index = 0.15, Z score 
= 1.16, p = 0.12). The global Moran's I scatterplot in this study can be seen in 
Figure 3. This suggested a random pattern of bovine anaplasmosis prevalence 
in the related districts, as indicated by the non-significant p-value and a Moran’s 
I value close to 0. Following this result, we separated the assessment of global 
Moran’s I into each year. The result showed that the spatial patterns in 2018 
were clustered, while 2019, 2020, 2021, and 2022 were random (Table 3). The 
map of the local Moran’s I identified 17 high-high clusters in these periods, 9 
high-low clusters, 12 low-high clusters, and 12 low-low clusters throughout the 
survey period (Figure 4). Significantly different clusters of bovine anaplasmosis 
were found in 2018 and 2020 (P<0.05). In 2018, significant differences were 
found in Kerinci (high-high) and Muaro Jambi (low-low) Districts. Moreover, 
in 2020, significant differences were seen in Bungo (low-high) and Merangin 
(low-high) District (Figure 4 & Table 4).
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Figure 4 The LISA Moran’s I for bovine anaplasmosis prevalence spanning 
2018 to 2022. The left side depicts hotspots of bovine anaplasmosis 
prevalence, while the right side illustrates the significance of these hotspots. 
Panels A through E correspond to the respective years.

Table 4 The Local Moran’s I for bovine anaplasmosis prevalence in every district of Jambi Province.
Year Districts Cluster map Local Moran P-value
2018 Kerinci high-high 0.00
2018 Muaro Jambi low-low 0.04
2020 Bungo Low-high 0.04
2020 Merangin Low-high 0.04
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DISCUSSION
	
	 The result of our study showed that the prevalence of bovine anaplasmosis 
in Jambi Province from 2018 to 2022 was 16.66%, lower than previous reports 
of bovine anaplasmosis in Jambi Province (Efliana and Arianti, 2016; Susanti 
et al., 2019). It indicates that the prevalence of bovine anaplasmosis in Jambi 
Province has fluctuated from time to time. The result of our study is within the 
range of bovine anaplasmosis of other neighboring regions which suggests that 
the bovine anaplasmosis in Jambi Province and other provinces in Sumatra 
Island is similar (Susanti et al., 2019). In another region of Indonesia, the 
prevalence of bovine anaplasmosis was reported to be 11% in Sumbawa, West 
Nusa Tenggara (Anggraini et al., 2019), 40% in Tangerang, West Java (Aminah 
et al., 2022), and 41% in Banyuwangi, East Java (Haryuningtyas and Wardhana, 
2020). On the contrary, some regions such as Yogyakarta provinces, Surabaya 
City, and Sidoarjo District show less than 1% bovine anaplasmosis prevalence 
(Dewi et al., 2018; Dyahningrum et al., 2019). 
	 The diversity of bovine anaplasmosis prevalence between regions also 
shown in other country, such as Iran with a prevalence range from 0-37.3% 
in different regions (Noaman and Bastani, 2016; Mohammadian et al., 2021). 
In other countries, such as Sudan, bovine anaplasmosis prevalence can be 
relatively low at 13.2% (Eisawi et al., 2020)  but can be up to 66% in some 
regions (Rahman, 2013). Similarly, in Pakistan the prevalence of bovine 
anaplasmosis ranging from 4-72.9% which suggested related to the difference 
in geo-climatic condition which play a role in tick population and propagation 
(Sajid et al., 2009; Sajid et al., 2014; Farooqi et al., 2018). In our study, the 
prevalence of bovine anaplasmosis in all studied districts in Jambi Province 
was not significantly different throughout study period. In all eleven studied 
districts in Jambi Province, the geo-climatic condition is similar, thus the 
prevalence of the bovine anaplasmosis is also similar in all districts which 
can be seen based on the global and local Moran’s I. A significantly different 
pattern between districts was only seen in 4 districts within 5 years, indicating 
most of the districts has similar prevalence of bovine anaplasmosis during the 
study period. 
	 A significant difference of bovine anaplasmosis prevalence in Jambi 
Province was found between seasons. The rainy season has a higher prevalence 
of bovine anaplasmosis which is suggested due to the higher prevalence of 
tick as its vector. Tick such as Riphicephalus sp. is a well-known vector of 
bovine anaplasmosis and its presence is significantly related to the Anaplasma 
sp. prevalence (Abdela et al., 2018). In Indonesia, R. microplus is one of the 
most common ectoparasites in cattle (Sahara et al., 2019). The presence of 
Riphicephalus sp. is found to be more prevalent in the rainy season in which the 
humidity level is relatively high (Shoaib et al., 2022; Mohamed et al., 2023). 
In our result, the prevalence of bovine anaplasmosis is found to be higher in 
the rainy season which may related to the prevalent prevalence of the tick as its 
vector. 
	 Some limitations are present in the current study. Our study focuses 
on using a retrospective data from bovine anaplasmosis in Jambi Province in 
the period of 2018-2022. However, the number of samples in each year varies, 
especially in 2020 when the sample collection is limited to a 6-month period 
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due to COVID-19 movement restrictions. Even though there is variation in the 
sample number, the results of our study can represent the bovine anaplasmosis 
prevalence in Jambi Province and its distribution on eleven districts in Jambi 
Province. A relatively similar prevalence of bovine anaplasmosis in all studied 
districts in Jambi Province indicates an equal distribution of this disease across 
all districts. 

CONCLUSIONS
	
	 In conclusion, the bovine anaplasmosis prevalence in Jambi Province 
from 2018-2022 was found 16.66% with a variation between years and 
seasons. The similarity of bovine anaplasmosis spatial pattern among districts 
in Jambi Province suggested an equal distribution of the disease. Further study 
on identification of Anaplasma species and modeling study to predict bovine 
anaplasmosis prevalence in Jambi Province should be conducted. Furthermore, 
an appropriate control and prevention strategy should be performed to reduce 
the prevalence of bovine anaplasmosis. Tick control and vaccination are 
suggested as prevention program. 
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